Iranian native crayfish includes one crayfish species, Astacus leptodactylus, with two subspecies, A. l. leptodactylus (lives in freshwater) and A. l. eichwaldi (lives in the Caspian Sea with 12 ppt salinity). Only A. leptodactylus is commonly distributed in Iranian water resources. Nearly 80 years ago local fishermen started to catch Anzali Lagoon crayfish and sold them to foreigners and embassy employees. The consumption of crayfish in Iran is very low, approximately 1 t annually. The first commercially significant crayfish harvest in Iran was 11.3 t from Anzali Lagoon in 1985. It was carried out by a Turkish company. In 1985, the introduction of A. leptodactylus was started into suitable Iranian freshwaters. For example, crayfish from Anzali Lagoon were introduced into Arass water reservoir in 1985. Today, Arass water reservoir is the main resource of crayfish in Iran. There was no further crayfish harvest in Iran until 1993 . In that year, a private Iranian company began harvesting the Iranian crayfish and exporting them to European countries. In 1993, 3.2 t of crayfish were exported from Iran. Although there have been fluctuations between years, the export of crayfish in Iran increased remarkably after 1996. The successful results of crayfish introductions gave rise to this increase. In 2003, the export of A. leptodactylus from Iran reached the maximum level (216 t). The commercial value of exported crayfish between 2000 and 2009 varied from 1.5-2.5 million US$ annually and its amount was 106-211.5 t. However, there was a reduction in the export of A. leptodactylus from Iran after 2003, to just above 100 t. In conclusion, in order to increase crayfish production in Iran, introduction of A. leptodactylus into suitable water resources, and management, conservation and monitoring of present crayfish populations should be carried out.
INTRODUCTION
In 1964, it was reported that two species of crayfish were found in the Iranian waters of the Caspian Sea shore, Astacus leptodactylus and Astacus pachypus. A. leptodactylus was found not only in the Caspian Sea up to 5-10 km offshore (Veladykov, 1964) but also in freshwater. The first study on crayfish (Astacus leptodactylus) was carried out by Abassi (1969) . The author examined the length frequency in the narrow-clawed crayfish population in Anzali lagoon. A few years later, Butcher (1971) carried out some preliminary research on Anzali lagoon crayfish as well. In 1987, it was stated that there were two subspecies of Astacus in Iran. Astacus leptodactylus leptodactylus lives in the Anzali lagoon and Astacus leptodactylus eichwaldi (Astacus pachypus) lives in the Caspian Sea (Petr, 1987) . The populations of A. l. leptodactylus in Anzali Lagoon and in its rivers and outlets are assumed to be the result of natural species distribution. The other populations that exist in Iran are effects of introductions. The list of known introductions in Iran is shown below; the number of introduced specimens and their size is given in parenthesis:
• Arass water reservoir in 1988 (20 000 crayfish, 15-25 g in weight), 
CRAYFISH INTRODUCTIONS INTO IRAN
In Iran, the first crayfish introduction was carried out by the Iranian Fisheries Research Organization from Anzali Lagoon into Arass, which has plenty of benthic organisms, in 1988. 20 000 crayfish (15-25 g in weight) were used for stocking. The next project was performed between 1997 and 1998 on the determination of population dynamics and MSY (maximum sustainable yield) by Karimpour and Hosseinpour (1999) . The findings of the project revealed that the first crayfish introduction was successful. As a result of this success, the idea of introducing crayfish into freshwater resources increased in Iran.
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Figure 1
Distribution of crayfish populations (A. l. leptodactylus and A. l. eichwaldi) In 1997, the Iranian Fisheries Organization formed a committee to organize crayfish introductions into suitable freshwater resources. Introductions were carried out in the following ways:
-introducing juvenile (young-of-the-year) crayfish (1-2 g); -introducing pleopodal egg-bearing females; -introducing 15-20 g crayfish (1+, 2+ age groups).
In practice, the mortality of juveniles during transportation was high and the costs of young crayfish culture and transportation of cultured juveniles were very expensive. Furthermore, pleopodal eggs of females were very sensitive to mass transportation. For example, some pleopodal eggs deteriorated or separated from the females during transportation. Welloxygenated water was also required in this method. The use of 15-20 g crayfish for introduction purposes was assumed to be the most effective. The advantage of this method is that it is very efficient, easy and cheap, with transportation of crayfish in polystyrene boxes that guarantee a very low mortality as well. For these reasons, after 1999 15-20 g crayfish were preferred for introductions. All crayfish introductions have been carried out into 18 water resources of 13 provinces in Iran up to now. Introductions are monitored every year by the Iranian Fisheries Research Organization. Before the introduction of crayfish some abiotic conditions (air and water temperature, dissolved oxygen, pH, total hardness, calcium, total organic matter), and some biotic parameters (plankton and benthic organisms) that have an effect on crayfish life were measured. The average rate of stock was 60-90 crayfish per hectare, and the sex ratio was: 2 females, 1 male. The minimum surface of each water body was base for the number of introduced crayfish. The results showed that the crayfish acclimatized well in all water bodies.
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The 5 (from all 18) water bodies' surface was less than 20 ha. The results showed the population of crayfish quickly increased; the MSY of these water bodies (< 20 ha) is estimated at about 60 t (Abdolmalaki, 2007; Karimpour, 2009 were also introduced into most reservoirs and lakes in which crayfish were present. Therefore, these fish species are food competitors for crayfish and predators as well. Juvenile crayfish and molted crayfish with soft shells are valuable diet items for these fish. 4. Use of non-selective fishing gears. Some fishermen set their gill-nets illegally in reservoirs and lakes to catch carp. For example, gill-nets are set at the bottom to hide them from patrols. The by-catch of these gill-nets is crayfish. The crayfish captured in the meshes of gill-nets and fishermen cleaning their gill-nets cause crayfish mortality. Unfortunately, this situation is very common in most water resources. A huge amount of crayfish die in this way, especially in the breeding season. 5. Poaching. There are some restricted and protected areas for catching crayfish in all water resources in Iran. However, some crayfish fishermen do not heed this prohibition. 6. Water pollution. Pesticides (herbicides and insecticides) carried by rivers and seasonal floods into water resources sometimes have harmful effects on crayfish stocks. For example, crayfish juvenile mortality caused by pesticides was reported by Ghoolami (2002) .
DESCRIPTIONS OF IRANIAN CRAYFISH POPULATIONS
The geographical information (flatland or mountain area), altitude above sea level, age of the reservoir, surface area, maximum and average depth, water level fluctuations, temperature range, descriptive biological data (abundance of vegetation and fish species composition) native or introduced, year of crayfish introduction and stocking rate (individuals/ha) of crayfish populations in Iran are given in Table I . Anzali Lagoon is one of the most important lagoons in the Caspian Sea. It is the known place for migration to spawn, a nursery and a grow-out habitat for Caspian Sea bony fishes. It is also an important bird-nesting and wintering area (Holcik and Olah, 1992) . It was suggested that the best period for crayfish harvest in Anzali Lagoon is between 6th May and 30th July. However, in August, the water temperature rises to 26
• C. Field observations showed that 26
• C is a critical temperature for Anzali Lagoon crayfish, and at 32
• C for crayfish neardeath conditions are envisaged. In this period, crayfish are reluctant, fatigued and inactive in the lagoon. Some crayfish are even found around the shallow bottom holes and under the shelters. The exotic Balanus sp. enters the lagoon by seawater penetration. They use the crayfish body as a substrate and stabilize themselves on crayfish (Karimpour et al., 1989) . On the other hand, in recent years, the observations of the author showed that Anzali Lagoon seems to be in a better condition at present in comparison with the last decade. Arass water reservoir is located in the north-west of Iran (Western Azerbaijan province). The water source of this reservoir is Arass River. It comes from Ararat Mountain between Turkey and Armenia. In 1985, Anzali Lagoon crayfish were introduced into Arass water reservoir. Because of drought between 1999 and 2001, there was a reduction in crayfish harvest in these years. The abundance of crayfish near the river and in areas near the dam is very low. Harvesting of A. l. eichwaldi in the Caspian Sea is not commercially viable, because catch expenses are very high and the harvest is very low. Another problem is Balanus sp. It attaches to the crayfish body. About 90% of crayfish caught on the Iranian shore of the Caspian Sea are covered by Balanus sp. After the invasion of Comb-Jelly (Mnemiopsis leidyi), this situation occurred and made the Caspian Sea crayfish unsuitable for markets, with high mortality in transportation (Nooshoori, personal communication) . Its low survival rate in freshwater is another problem for exporting (Karimpour and Khanipour, 2004) . Table II shows the size composition, relationship between weight and total length, total length range, weight range, breeding season, catch season, time of first molting, sex ratio, total length range of females with pleopodal eggs, and the best period to harvest for crayfish populations in Iran. In addition, maximum sustainable yield, catch per unit effort (1 trap in 24 h), average pleopodal egg number, and average total length and weight of crayfish from different populations in Iran are given in Figures 2-5, respectively.
PRODUCTION OF ASTACUS LEPTODACTYLUS IN IRAN
All production is obtained from the wild in Iran. Crayfish have been caught commercially on a small scale in Anzali lagoon for about 80 years. In general, small round traps (30 cm in diameter) with a piece of fish bait are used for crayfishing. Crayfish are not preferred by Iranian people because of religious principles. On the other hand, some people who have traveled to foreign countries or graduated from universities in European or North American countries are consumers of crayfish. Moreover, the villagers who live around Arass water reservoir have an excellent experience of the consumption of crayfish. They believe that crayfish are a very good remedy for enuresis in children. Since the domestic consumption of crayfish is very low in Iran, crayfish production has been exported to Europe since 1985. In Iran, the main consumers of crayfish are foreign tourists visiting Anzali. In addition, some of the captured crayfish are consumed in Tehran by employees of embassies. They obtain live crayfish from local fishermen in Bandar Anzali or Arass water reservoir crayfish from fish markets in Tehran. These companies deal traditionally with the crayfish trade in Iran. In 1985, a Turkish company (Shahlan) started to harvest crayfish from Anzali lagoon, and exported them to Turkey and European countries. It was the beginning of export of crayfish from Iran. The first harvest was 11.3 t in 1985. There was no further crayfish harvest in Iran until 1993. In that year 3.2 t of crayfish were exported from Iran. Today, Germany, Sweden, England and France are the main importers of crayfish from Iran. The commercial value of exported crayfish between 2000 and 2009 varied from 1.5-2.5 million US$ annually and its amount was 106-211.5 t. On the other hand, the value of exporting the total fishery production 18p5 (Anonymous, 2008) . Thus, the crayfish export value and amounts are 3.45% and 0.97%, respectively. Although there have been fluctuations between years, the export of crayfish in Iran increased remarkably after 1996. Exports reached 84.7 t in 1999 from 32.5 t in 1998. After 2000, crayfish export was over 100 t per year. Figure 6 shows the export values of crayfish from Iran between 1985 and 2009. In addition to these exports, the consumption of A. leptodactylus in Iran is approximately 1 t annually (fisherman and dealer -personal communication).
DISCUSSION AND CONCLUSION
It can be stated that the introductions of native crayfish species, A. leptodactylus, into Iranian "new" freshwaters could be assumed to be successful in general. A. leptodactylus has been mating, breeding, molting and growing in their new habitats and so set up stable populations. In addition, it seems that their growth rate in some introduced populations is better than in their original habitat. "For example, 20 000 crayfish (400 kg in weight) were introduced into Arass water reservoir; these crayfish created an excellent population with an annual harvest of 100-210 t. The rate of annual crayfish harvest from the other Iranian water bodies was lower than from Arass water reservoir."
The biggest individual of A. leptodactylus on the north coast of the Caspian Sea was reported as 172 mm in total length and 180 g in weight by Kolmykov (2002) and as 190 mm and 150 g by Rumyanetsev (1989) . On the Iranian coast of the Caspian Sea these values were 169 mm and 148 g, respectively (Karimpour and Taghavi, 2002) . On the other hand, the maximum of total length was 150 mm for the Lake Eǧirdir population in Turkey (Balık et al., 2005) , 155 mm for a population in Belarus (Alekhnovich et al., 1999) , 155 and 145 mm for Anzali Lagoon (Abassi, 1969; Karimpour et al., 1989) , 186 mm for Arass water reservoir (Karimpour and Hosseinpour, 1999) , and 196 mm for Shoorabil lake (Abdolmalaki, 2007) . That for the Haft Barm, Izadkhast, Khamiran, Malek Kian, Shahid Yaghoobiand and Yam water bodies was 166, 177, 155, 176, 156 and 163 mm, respectively (Karimpour, 2009) . These comparisons could be interpreted as a strong suggestion that Iranian freshwaters offer suitable habitats for A. leptodactylus to build up very well-adapted populations.
The sex ratio of freshwater crayfish in different populations is approximately 1:1 in general (Cobb and Wang, 1985) . However, deviations from this ratio are probably the result of seasonal and behavioral differences in male and female crayfish (Westin and Gydemo, 1988) . On the other hand, Kolmykov (2001) reported that females dominated among small-sized crayfish and the proportion of males increased with size. Lewis (1998) stated that domination of males in the breeding season would suggest that females are more reclusive just prior to and during hatching of their eggs. Just after eggs hatched, females dominated the catch, suggesting that they were aggressively seeking food to replenish reserves lost during the hatching period. Furthermore, some authors studied the effects of shape and kind of trap on the sex ratio in the crayfish catch (Collins et al., 1983; Fjalling, 1995) . For example, some traps caught more male freshwater crayfish Astacus astacus (Abrahamsson, 1966) ; this has also been proved by Brown and Brewis (1979) for Austropotamobius pallipes, by Skurdal et al. (1995) for A. astacus, by Frutiger et al. (1999) for Procambarus clarki, by for A. leptodactylus, and by Campbell and Whisson (2000) for Cherax tenuimanus. Abdolmalaki (2007) The sex ratio in the whole of year was found to be 1:1 for the Mogan Lake population of A. leptodactylus in Turkey by Bayrak (1985) , for the population of the Caspian Sea coast of Turkmenistan by Rumyanetsev (1989) , for the population of the Lake Ageri in Switzerland by Stucki (1999) , for the population of the north coast of the Caspian Sea by Kolmykov (2001) and for the population of Belarus water bodies by Alekhnovich and Kulesh (1996) . With the exception of Caspian Sea crayfish on the Iranian coast with a sex ratio of 1:0.86 (female:male) (Karimpour and Taghavi, 2002) and Shoorabil Lake crayfish with a sex ratio of 1:2.45 (Abdolmalaki, 2007) , for other Iranian water bodies the sex ratio is close to 1:1.
Mature females of the Caspian Sea A. leptodactylus have a minimum length of 7-8 cm in total length (TL) which corresponds to the age of two years; mature females account for 7-8% of this size group (Kolmykov, 2002) . Eighty-six-94% of the females over 8 cm in TL have pleopodal eggs (Rumyanetsev, 1989) . The smallest females with pleopodal eggs were between 75 and 85 mm TL for different water bodies of Belarus (Alekhnovich and Kulesh, 1996) , 79 mm for the Karelia region of Russia (Alexandrov, 1968) , 98 mm for Lake Eǧirdir of Turkey (Balık et al., 2005) , 92 mm for Lake Ageri of Switzerland (Stucki, 1999) , 85 mm for the delta of the Volga River (Nefedov, 1974) , 75 mm for the Caspian Sea coast of Turkmenistan (Cherkashina, 1975) , 74 mm for the middle of the Volga River (Suprunovich, 1976) , 70 mm for the Don River (Shpolyanskaya, 1980) , 103 mm for the Iranian coast of the Caspian Sea (Karimpour and Taghavi, 2002) , 87 mm for the Arass water reservoir (Karimpour and Hosseinpour, 1999) , and 92 mm for Anzali Lagoon (Karimpour et al., 1989) . TL of crayfish caught in Iranian inland water bodies was between 86 and 103 mm (Abdolmalaki, 2007; Karimpour, 2009 ).
One of the most important characteristics of A. leptodactylus is its high fecundity. An increase in size causes an increase in fecundity in A. leptodactylus. The correlation coefficient between these two factors is usually more than 85%. The average number of pleopodal eggs was 209 for A. leptodactylus caught in Lake Eǧirdir (Balık et al., 2005) , 306 for Keban Dam Lake , 196 for the north Caspian Sea, 361 for the Volga River (Kolmykov, 2002) , 221 for Anzali Lagoon (Karimpour et al., 1989) , and 255 for the Iranian coast of the Caspian Sea (Karimpour and Taghavi, 2002 (Table I ). The present study shows that the average length and weight of A. leptodactylus in most introduced populations in Iran are greater than other populations of this species in other areas. In addition, the majority of A. leptodactylus populations in Iran have large-sized crayfish (bigger than 70 g) in comparison with other populations. Furthermore, the fecundity of A. leptodactylus populations in Iran is close to other populations of this species and the sex ratio is approximately 1:1 except for Shoorabil Lake.
A. leptodactylus is a cold water species like other European crayfish; the length of its reproduction cycle varies according to the climate of the habitat in which it lives (Köksal, 1988 ). The mating of A. leptodactylus occurs at below 12 • C and after 2-4 weeks with a temperature of 6-11
• C the pleopodal eggs appear; the hatching begins at 18
• C and at 20-21
• C juveniles detach from the mother (Groves, 1985) . On the Turkmenistan coast of the Caspian Sea the appearance of pleopodal eggs happened at 9-11
• C and juveniles were released at 21-23
• C (Cherkashina, 1975) . In the Lake District in Turkey mating occurred in November at 7-8
• C and egg-laying began in early December at 4-7
• C, the eggs hatched in late May when the water temperature was 21-23
• C and it lasted until the third week of June (Köksal, 1988) . In another population, in the Don River, hatching occurred in the third week of May to mid-June (Cherkashina, 1977) . On the Iranian coast of the Caspian Sea the breeding season (including the mating egg-laying and hatching periods) happens between 21st January and 22nd July in general (Karimpour and Taghavi, 2002) . In the other Iranian water bodies it starts on the first of November and finishes on the 20th of June. For this reason, crayfish catch was forbidden by the Iranian government from the first of January to the middle of July in the North of the Caspian Sea (Kolmykov, 2002) . On the coast of the Caspian Sea of Turkmenistan the crayfish catch period is between June and December (Rumyanetsev, 1989) . On the Iranian coast of the Caspian Sea crayfish catching is allowed between 20th July and 20th January (Karimpour and Taghavi, 2002) . In the freshwater lakes and reservoirs in Iran the crayfish season is determined to be between 15th May and 15th December. The harvest of freshwater crayfish A. leptodactylus in Turkey starts on 15th June and ends on December 24th . CPUE depends on the crayfish population density, and also on the population structure, and these two are dependent on the habitat. For example, it was observed that the CPUE of the Iranian coast of the Caspian Sea crayfish depended on the sediment type, particle size and nutrients in the sediment (Karimpour, unpublished data) . In addition, observations of Iranian inland water bodies showed that in the lakes or water reservoirs with aquatic vegetation in shallow water CPUE was higher than the area without aquatic plants. As a result of these observations, Iranian crayfish populations can be categorized as below:
Excellent stock: CPUE > 15, Very good stock: CPUE = 10−15, Good stock: CPUE = 5−10, Medium stock: CPUE < 5.
On the basis of this categorization, it can be concluded that Khamiran water reservoir has the most excellent crayfish stock in Iran. Haft Barm, Izadkhast, Shahid Yaghoobi and Shoorabil have very good stock, and Anzali Lagoon, Arass, Malek Kian and Yam water reservoirs have good stocks. On the other hand, the Caspian Sea has a medium crayfish stock. There are about 300 people employed in fishing, packaging and exporting of crayfish in Iran at present. To increase crayfish production in Iran different projects in crayfish aquaculture should be fulfilled, but aquaculture is not preferred in Iran because of the fact that obtaining crayfish from aquaculture is more expensive than harvesting crayfish from freshwater resources. The findings of the present study show that Iranian freshwater bodies offer suitable habitats for A. leptodactylus self-sustaining populations. Therefore, it can be concluded that to increase crayfish production in Iran introduction of A. leptodactylus should be continued into suitable water resources under controlled conditions. In addition to this, the potential impact of "new" A. leptodactylus populations on the biodiversity of water ecosystems, and management, conservation and monitoring of crayfish populations should be carried out.
